INTRODUCTION 52
Two different patterns of follicle development are identified in mammals. In humans 53
(and rats and pigs), the development of follicles to ovulatory size occurs only during 54 the follicular phase, while in cattle (and sheep and horses), development of follicles to 55
Parameterization of Follicle Wave Patterns 102
In cattle, the functional follicle that is dominant at the moment of CL regression 103 develops to become the ovulatory follicle. We assumed that there may be 2 104 mechanisms by which follicle wave pattern can be influenced. One is the rate of 105 follicle growth and the other is the time point of CL regression. The first mechanism 106 might be induced by changing the effect of FSH or P4 on follicle growth, or by 107 changing FSH or P4 synthesis, because follicle growth is stimulated by two fixed time delays for the effect of the increase in P4 levels on PGF2α release, tomimic the situation that the rise of P4 early in the cycle starts a series of events or 152 mechanisms that eventually lead to the rise of PGF2α, followed by a decline of 153 PGF2α a few days later. The time delays are thus a 'black box' in which the 154 intermediate events that regulate PGF2α levels were not described. We have adapted 155
this part of the model. In the model used for the current study, these delays are 156 replaced by a mechanism in which the ability to synthesize PGF2α develops over time 157 under influence of P4. Exposure to P4 above a threshold level must last for a couple 158 of days to induce PGF2α release. P4 stimulates the synthesis of receptors (e.g. 159 oxytocin receptor (OTR)) and enzymes required for the production and release of 160 is the PGF2α clearance rate constant. PGF2α levels thus rise because P4 stimulates 169 the production of OTR required for PGF2α production (Figure 1 and 2 ). 
RESULTS AND DISCUSSION 175
Of the 10 parameters tested, 6 affected the number of waves per cycle (Table 3) . 176
Cycles with 2 waves had a shorter cycle length. In the non-ovulatory wave of 2-wave 177 cycles, FSH levels were higher, Foll (follicular capacity to produce E2 and Inh) was 178 larger, and therefore also E2 and Inh levels were higher compared to non-ovulatory 179 waves of 3-wave cycles. The 2-wave cycles obtained by a change in follicle growth 180 rate were due to a later emergence of the second wave, while the 2-wave cycles 181 obtained by a change in time point of CL regression were caused by a shorter CL life 182 In the model, the production of Inh is assumed to be proportional to Foll with 254 a short delay, where Foll Inh c is the proportionality factor of Foll to Inh. We assumed 255 that FSH synthesis could be reduced when Inh production by the follicles is higher. 256 Therefore, we tested if an increase in Foll Inh c would increase circulating Inh levels and 257 result in a cycle with 2 waves, but this was not found. 258 P4 synthesis. Another mechanism we tested was the inhibiting effect of P4 on 259 follicle growth rate. We assumed that a 2-wave cycle can occur when a follicle wave 260 can grow for a longer time due to less inhibition by P4. A reduced inhibitory effect on 261 follicle growth rate could be due to a lower P4 production by the CL, resulting in 262 lower P4 serum levels. In the model, it is assumed that P4 is proportional to CL 263 function. Therefore, it was tested if a decrease of 'Proportionality factor of CL to P4' 264 (Table 2) , because the time point of PGF2α increase was 293 changed. When the number of waves in a cycle increased, cycle length became longer 294 and P4 levels higher, while E2 levels in the luteal phase became lower.
We tested if a stronger P4 stimulation of OTR could also be obtained by an 296 increased 'Proportionality factor of P4 to OTR' ( 4 P
OTR c
). An increase in 4 P OTR c from 297 0.87 to 2.00 resulted in a cycle with 2 waves (Figure 7) . The higher proportionality 298 factor resulted in higher levels of OTR and lower levels of P4 compared to 3-wave 299
cycles. An overview of the differences in parameter values between 2-wave and 3-300 wave cycles is given in Table 3 . 301
302

General Discussion 303
We used a mathematical model of the bovine estrous cycle to identify critical points 304 in the mechanisms that affect the number of follicular waves in a cycle. We found that 305 the model output changed from 3 to 2 waves in a cycle when the duration of the luteal 306 phase was changed, or when the effect of FSH or of P4 on follicle growth was 307 changed, but not when FSH synthesis or P4 synthesis was changed. Although some 308 parameter changes resulted in irregular patterns, there were hardly any simulations 309 where the system was totally derailing or collapsing, and most of the times it 310 'recovered' to a normal cycle, emphasizing the robustness of the model. delay. 484 
